Background and Purpose-No stroke scale has been validated as an outcome measure using data from a clinical trial demonstrating a positive therapeutic effect. Therefore, we proposed to use data from the National Institute of Neurological Disorders and Stroke (NINDS) tPA Stroke Trial to determine whether the National Institutes of Health Stroke Scale (NIHSS) was valid in patients treated with tissue plasminogen activator (tPA) and to explore the underlying clinimetric structure of the NIHSS. Methods-We performed an exploratory factor analysis of NIHSS data from Part 1 (nϭ291) of the NINDS tPA Stroke
D emonstration of effective stroke therapy requires a standardized measurement of outcome. [1] [2] [3] [4] [5] [6] [7] For use in multicenter stroke treatment trials, a rating scale should be reliable, valid, and time efficient. 8, 9 Currently, no stroke scale fulfills all the requirements of rigorous psychometric scale design; however, a few scales, including the National Institutes of Health Stroke Scale (NIHSS), are generally accepted because of their simplicity and relatively rigorous design. [5] [6] [7] 10, 11 The NIHSS contains 15 items, including level of consciousness, eye movement, visual field deficit, and motor and sensory involvement. [12] [13] [14] Scale items are scored by degree of severity using weighted scores; reliability has been demonstrated for neurologists, other physicians, and nonphysicians. [13] [14] [15] [16] [17] [18] The items contained in the NIHSS were selected on the basis of expert opinion and literature review, thus satisfying the requirements for content validity. 1, 4, 5, 7 The NIHSS correlates with lesion volume, suggesting that the NIHSS can be used to estimate current clinical status (concurrent criterion validity) on the basis of 1 complementary outcome measure. 19, 20 The scale correlates with alternative measures of neurological outcome, such as Activities of Daily Living (ADL) scales, and other deficit scales, further suggesting concurrent criterion validity. 21 Another type of criterion validity, known as predictive validity, is demonstrated by using a scale to predict future health status; this type of validity has not previously been demonstrated for the NIHSS.
Another approach to validity is to explore the internal structures or dimensions underlying a scale. [2] [3] [4] [5] 22, 23 This sort of data demonstrates the construct validity of a scale: a valid scale should measure 1 or a small number of underlying constructs. We sought to study the underlying structure of the NIHSS using factor analysis, a widely accepted method for deriving the internal structure of a scale. 5,22,24 -30 Such factors should reflect biological phenomena that make sense to the investigator, such as right or left hemispheric function. Scale items that do not contribute to such factors can be eliminated, thus simplifying the scale and improving its internal reliability. 22 We also desired to determine whether the scale structure identified at baseline was independent of therapy and time, that is, we questioned whether the same dimensions could be identified at later time points and in patients who received tissue plasminogen activator (tPA) compared with placebo. This property of a scale is critical; if the structure underlying the scale differs between 2 treatment groups, then the scale is invalid for treatment studies because scale scores would not be comparable between treatment groups. Essentially, 1 group would be tested with 1 version of the scale, and the other group would be tested with a different version. The National Institute of Neurological Disorders and Stroke (NINDS) tPA Stroke Trial afforded an appropriate opportunity for studying this clinimetric property, since the 2 treatment groups differed significantly. 31 
Subjects and Methods
The NINDS tPA Stroke Trial results and the methods used to ensure reliable use of the scale have been published. 13, 31 To participate in the NINDS tPA Stroke Trial, the investigators underwent NIHSS certification by viewing training and testing videotapes. 13, 14 Recertification, using another tape, was conducted every 6 months. Each patient in the trial was scored by a trained, certified investigator at the time of initial stroke evaluation (baseline) and 2 hours, 24 hours, 7 to 10 days, and 3 months later.
To explore the structure underlying the NIHSS, a factor analysis was conducted. 24 The NINDS tPA Stroke Trial was conducted in 2 parts using nearly identical methods: We elected to use baseline (pretreatment) NIHSS scores from part 1 (291 patients randomly divided between treatment and placebo) for an exploratory factor analysis. On the basis of the findings of the exploratory analysis, we planned a confirmatory factor analysis using the baseline part 2 data (333 patients randomly divided between treatment and placebo).
The purpose of factor analysis is to describe and explain a large set of independent variables in terms of a few underlying new variables, called factors. If a variable correlates well with the factor, it is said to "load" on that factor. By studying the factor loadings, which is interpreted as a correlation coefficient, one can determine how well the factors explain the data. A group of items in an outcome scale may represent any number of underlying factors, from a single factor to the total number of items. In the latter case, each item represents a unique factor, which is an undesirable property for outcome scales. In general, an ideal scale represents a small number of underlying factors.
To gain an initial estimate of how many factors may underlie the NIHSS, we examined the Scree plot (Figure 1 ). Once the initial number of factors was selected, a factor analysis was conducted, and we examined the factor loadings on each respective factor. We assessed the goodness of fit of the factor structure using Bentler's Comparative Fit Index (CFI). 32, 33 CFI ranges from 0 to 1 and is viewed as the percentage of variation of the observed measure (the scale items) explained by a given structure (such as R 2 in a regression model); values Ͼ0.90 indicate excellent goodness of fit. 32 Several factor structures were examined in this way until we obtained the best solution, defined as the structure that had reasonable goodness of fit (CFI Ͼ0.90) and made clinical sense.
A confirmatory factor analysis on a new data set (baseline scores in part 2) was conducted to validate the factor structure identified in the previous, exploratory analyses. CFI was calculated on the basis of the new data; the structure was considered valid if it had reasonable goodness of fit and was consistent with that seen in the previous analyses. Data collected after placebo or tPA treatment were used to determine whether the factor structure identified from baseline data were independent of time and tPA therapy. The data (placebo or tPA) could be used to identify a new factor structure if, in fact, the factor structure depends on time and/or treatment. Patients from parts 1 and 2 were analyzed together for this aspect of the study to allow for greater power. In this part of the analysis only, patients who died, missed 1 of the follow-up NIHSS examinations, or had a scale item recorded as unknown were excluded from the specific analysis involving the missing datum. The factor structure would be considered independent of time or therapy if the CFI goodness of fit at each time point was Ͼ0.90 using the same factor structure derived from baseline data. 32, 33 In addition, the exploratory and confirmatory analyses were conducted, including 15 NIHSS items and 2 extra items regarding distal motor function in the left arm or the right arm. These distal motor items were attached to the scale at the time the trial was begun but were never validated, in response to the criticism that the NIHSS did not measure distal limb strength. 7, 31 To assess predictive validity, the associations between the NIHSS at each time point and late outcome at 3 months, as measured by Barthel Index, Glasgow Outcome Scale, and Rankin Scale, were calculated with Spearman rank correlation coefficients. We expected significant correlation between the NIHSS at several time intervals and the 3-month clinical outcomes.
Results
There are several versions of the NIHSS; the stroke scale and item labeling used in this study are shown in Table 1 . We obtained valid baseline scores on 284 of 291 part 1 patients for the exploratory analyses and 331 of 333 part 2 patients for the confirmatory analyses; invalid scores were either incomplete or missing. The demographic data for these patients are contained in our prior report. 31 There were similar numbers of lacunar, large-vessel, and cardioembolic strokes in the 2 parts, and there was a similar distribution of subtypes between tPA treatment and placebo.
The initial exploratory analysis of the part 1 baseline scores was unstructured and yielded the Scree plot in Figure 1 . From the plot, it is clear that 2 factors account for the majority of the variance in the data. The first 2 factors explained 88% and the first 4 factors explained 100% of the variance in the data; the 4-factor solution was considered further. The ataxia item loaded weakly (loadings Յ0.40) on all factors in the exploratory phase, and therefore this item was excluded; it did not correlate with any factors underlying the scale. The consciousness item (item 1A) loaded on all 4 factors with equal loads Յ0.4. Similarly, item 4, facial palsy, exhibited loading values of Ͻ0.40, suggesting that it contributed little to the scale and could be excluded from the analysis. The final exploratory 4-factor solution using the remaining 12 items produced the best goodness of fit (CFIϭ0.96). Table 2 lists each factor and the loading of each variable on each factor. The final column in Table 2 , R 2 (also called communality), represents the percentage of variance in the variable that is explained by all the factors. Additional variance could be attributed to other sources, such as interindividual variation or examiner-to-examiner error. From Table 2 , it is apparent that the first factor relates to language function, since the aphasia and level-of-consciousness items load most heavily. The second factor is difficult to interpret because it includes the gaze, neglect, visual field, and sensory items. We suspect that a large right hemisphere cortical lesion would impair these items and thus underlie this factor. Factors 3 and 4 clearly represent right and left brain motor functions, respectively.
We used the baseline data from part 2 for the confirmatory analysis, excluding the level-of-consciousness, face palsy, and ataxia items. The results of the confirmatory analysis on the remaining 12 items (Table 3 ) again showed excellent goodness of fit (CFIϭ0.93). The factor structure is identical to that of the exploratory analysis: factor 1 appears to represent left cortical function, and factor 2 represents right cortical function. Factors 3 and 4 again seem to represent left and right brain motor function, respectively.
To determine whether the scale is valid within treatment groups, we repeated the analyses in tPA-and placebotreated patients using data obtained 2 and 24 hours, 7 to 10 days, and 3 months after stroke. The resulting goodnessof-fit statistics are shown in Table 4 . The factor structures (ie, loadings) were identical to that at baseline (data not shown). The consistency of the structure and the goodnessof-fit statistics over time and treatment (Table 4) suggest that the scale remains valid, regardless of time from stroke onset or treatment given.
To assess the predictive validity of the NIHSS using alternative scales, we compared the NIHSS over time with the 3-month outcome using the Barthel Index, Rankin Scale, and Glasgow Outcome Scale. The correlations between the scale and the other clinical outcomes were significant (PϽ0.001; Table 5 ) but modest in magnitude at baseline and 2 hours after stroke. The correlation between the NIHSS at baseline and the measures at 90 days demonstrates predictive validity. The absolute values of the correlation coefficients were greater for the later measurements, suggesting that after 2 hours from stroke, the NIHSS values may have greater predictive validity with respect to the 3-month outcome. 
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Discussion
We explored the NIHSS to identify the constructs, or factors, underlying the scale. 22 The Scree plot ( Figure 1 ) suggested 2 factors, and the underlying structure analysis suggested that these 2 factors related to the functions of the 2 cerebral hemispheres. The 4-factor solution, which actually resulted in better goodness of fit, may be viewed as a refinement of the 2-factor solution (Tables 2 and 3 ). Each of the hemisphere factors seemed to resolve into 2 subfactors, one representing cortical and the other representing motor function ( Figure 2 ). Our data may also be interpreted as confirmation of the construct validity of the scale, since it was designed to detect and measure deficit in either cerebral hemisphere. 12 Brain stem deficits fail to appear as a separate factor here, perhaps Figure 1 . From the initial set of data, an exploratory factor analysis yields the eigenvalues associated with the data. A Scree plot shows the eigenvalues plotted over the number of factors that could be extracted from the data set. The plot shows that 2 factors, with eigenvalues Ͼ2.5, account for the majority of the variance in the data set. However, the third and fourth factors, although Ͻ1.0, contribute to more of the variance than the remaining factors. Thus, we selected 2-, 3-, and 4-factor solutions for further study. because of the low numbers of such patients included in our data set (Ͻ15% of the subjects). Thus, the factor structure we determined here may not apply in studies that contain large numbers of patients with brain stem events. Factor analysis depends heavily on the specific data set used; the factor structure we obtained may not necessarily be found in another set of patients. 22 To obtain some assurance that the exploratory results are generalizable, a second, confirmatory analysis was required. As shown in Table 3 , that analysis confirmed the exploratory study: the NIHSS contained 4 factors corresponding to the 2 cerebral hemispheres, with loadings essentially identical to the exploratory analysis (Table 3 ). In interpreting these results, it is important to recall that the 2 parts of the NINDS trial were conducted in sequence by investigators who were blinded to the results of part 1 during part 2; the protocol was essentially unchanged during the 2 parts. 31 The confirmatory analysis is somewhat limited, however, by the fact that the 2 study populations were quite homogeneous. In a future study, using a different study population, it is very likely, but not certain, that the internal structure of the scale would be the same as we determined here.
Further confirmation of the robustness of these findings comes from the analyses conducted on the data collected serially after stroke treatment (Table 4) . On repeated administrations, when different examiners were used for patients seen up to 3 months after stroke, the same factors were found. These repeated confirmations suggest that the 4-factor solution is likely to be found in future study populations.
Our data provide a unique opportunity to explore the response of the scale to treatment effects, since the treated group differed significantly from the placebo group. This is an important property of the scale, for if the factor analysis showed that the scale behaved differently in placebo-versus tPA-treated groups, the scale could not be used to measure outcome in further treatment trials. In such an event, the NIHSS would become essentially 2 different scales, 1 for placebo-and 1 for tPA-treated patients, an untenable state. From our study, it is clear that the NIHSS clearly reports deficits in placebo-and tPAtreated patients in a like manner (Table 4 ). The 4-factor solutions in the 2 treatment groups were similar in the exploratory and confirmatory analyses. The consistency of these repeated analyses suggests that the internal scale structure is the same in patients who receive tPA or placebo. Furthermore, our prior report clearly showed that the scale reported true differences between the groups. 31 Taken together, these findings confirm the utility of the scale as an outcome measure, its most important function in large clinical trials of putative therapies. However, this assertion will be stronger when a factor analysis yields similar results in another trial of a different, also efficacious, compound.
The ataxia item did not correlate with any factor in the structures we examined. The variance in this question exceeded the variance attributable to the factors, suggesting that this item is either a unique factor or unreliable in its administration. We favor the latter explanation because this item has been shown to have very low reproducibility in some studies 13, 18, 21, 34 but was reliable in the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) certification study. 14 In a series of videotaped patients, multiple examiners could not clearly grade degrees of ataxia. 13 Using rating scale analysis of the predecessor of the NIHSS, the University of Cincinnati Stroke Rating Scale, a study of rehabilitation inpatients showed results similar to ours 34 : ataxia was found to be an unreliable item that contributed little to the scale; reliability measures improved when this item was deleted. The ataxia item was included in earlier versions of the scale to increase the sensitivity for detecting brain stem deficits, but only a small number of brain stem strokes occurred in our study group. If our sample is highly representative of the distribution of lesions typically entered into multicenter acute therapeutic trials, then it is likely that future stroke trials will likewise contain few brain stem strokes. Deleting ataxia from the scale will not affect validity and may increase reliability of the NIHSS when used acutely (data not shown). Similarly, the items relating to level of consciousness and facial palsy also exhibited smaller loadings in the acute phase, as well as poor reliability in our prior study, and were deleted in the confirmatory analyses. The facial item exhibited poor reliability in a study of the Unified Stroke Scale. 2 The sensory and dysarthria items showed moderate loadings, but low communalities, throughout our analyses, consistent with their known poor reliability. 21 It would be appropriate to collapse these items into responses with fewer choices or to eliminate them in a future version of the scale. Our data suggest further, however, that the elimination of the dysarthria item would not change the predictive validity of the NIHSS, given its loadings of 0.49 (Tables 2 and 3) . Finally, our data showed that the unvalidated item 12 (distal motor function) should be deleted from the scale because it contributes little to the measurement of the structures underlying the scale. This is true, despite the common assertion that distal limb function should be measured in addition to proximal limb function.
It may seem inconsistent that the questions concerning level of consciousness (items 1b and 1c) load on the left hemisphere factor, but this result likely reflects the role that language plays in clinical assessment of these items. Although these questions are intended to measure level of consciousness, in fact they depend heavily on the presence of intact comprehension. Similarly, the visual field question (item 3) loads heavily on the right hemisphere factor, although there were an equal number of patients with leftand right-sided visual field deficits (data not shown). Patients with left cerebral stroke, because of aphasia, may be more difficult to evaluate, and visual field testing may not be reliable. Right brain stroke patients may exhibit neglect and could therefore appear to exhibit a visual field deficit. Both phenomena might work to enhance the correlation of the visual field item with the right hemisphere factor, although other explanations of this phenomenon might be explored.
Factor analysis has been used previously to study the inherent properties of other scales. Wade and Hewer 35 reported finding 2 factors underlying the Barthel Index administered 6 months after stroke, but Ͼ67% of the variance in the data was explained by the first factor. This study suggested that the Barthel Index measured only 1 underlying construct, functional independence. A similar analysis of the FuglMeyer recovery scale and 3 measures of functional independence was performed on data obtained in the first week after stroke. 36 Again, although 3 factors could reasonably be extracted from the data, the first factor explained Ͼ80% of the variance. In this study the recovery scale and all 3 functional independence measures correlated very highly with each other. 36 Factor analysis has been used to derive the structure underlying global outcome and ADL scales. 27, 29, 30 In a study of 1328 patients with presumed transient ischemic attack, factor analysis determined the correlation of various symptoms with vascular territories and neurologists' presumptive localization. 26 A caregiver burden scale was factor analyzed to derive key dimensions. 28 We identified 2 underlying constructs of the NIHSS when used in the first 24 hours after stroke. These 2 constructs seem to reflect the function of the 2 cerebral hemispheres, confirming the construct validity of the scale. Most importantly, the internal scale structure appears to remain consistent in treated and placebo groups and when administered serially over time. These findings support the validity of the scale for use in future treatment trials as an outcome measure. Some NIHSS items were found to exhibit poor concordance with the 2 constructs and with other items in the scale; when combined with our prior investigations of the scale's clinimetric properties, these results suggest that it may be possible to simplify the NIHSS. A proposal for a simplified scale will be the subject of a future publication.
